Effect of metformin and lipid emulsion on the circadian gene expression in muscle cells.
The circadian clock influences nearly all aspects of metabolism. However, little is known regarding the effect of the energy status on circadian rhythms. Our aim was to test the effect of two opposing energy situations, metformin and lipid emulsion (LE), on clock and metabolic circadian expression in differentiated C2C12 myotubes. Metformin treatment led to depleted ATP levels accompanied by elevated NADH levels, whereas LE treatment led to increased ATP and NAD(+) levels. Nevertheless, both LE and metformin treatments activated the AMP-activated protein kinase (AMPK) pathway. In contrast, the effect on circadian rhythms was completely different. LE led to disrupted clock and metabolic gene expression, whereas metformin led to mainly high-amplitude shifted rhythms. Combination of metformin and LE led to an antagonistic effect on circadian gene expression. Although metformin and LE have an opposing effect on circadian gene expression and on the cellular energy status, they both lead to AMPK activation.